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(54) PRETREATING AGENT FOR METAL PLATING 



(57) The present invention provides a method for 
metal plating which makes it possible to perform elec- 
troless plating in a favorable manner even on materials 
difficult to apply electroless plating, and a pretreatment 
agent for this method. 

An article to be plated is treated with a pretreatment 
agent which has been prepared by mixing a solution of 
a silane coupling agent having a metal-capturing func- 
tional group in its molecule and a solution containing a 
metal that shows catalytic activity in the deposition of a 



plating metal such as copper, nickel or the like from an 
electroless plating solution onto the surface of an article 
to be plated so that the above-mentioned metal is cap- 
tured by the above-mentioned silane coupling agent, 
and then adding a reducing agent. Afterward, electro- 
less plating is performed so that a metal thin film is 
formed on the surface of the article p retreated above. 
Then, desired metal plating can be performed. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a plating pre- 
treatment agent used for the metal plating of surfaces 
of low-conductivity materials, mirror-surface articles, 
powders and the like by electroless plating, and a metal 
plating method using this agent. 

BACKGROUND ART 

[0002] The electroless metal plating method Is one 
method for forming metal coating films on substrates 
that do not possess conductivity. In performing electro- 
less plating, a method known as activation in which a 
precious metal such as palladium or the like is caused 
to adhere to a substrate beforehand as a catalyst is gen- 
erally used as an electroless plating pretreatment. In the 
past, methods in which Pd is adsorbed by an immersion 
treatment in an aqueous solution of PdCI 2 following a 
treatment with a hydrochloric acid aqueous solution of 
SnCI 2 , and methods in which Pd is supported on the sur- 
face by means of a colloid solution of Sn and Pd, have 
been used as such activation methods. Such methods 
involve numerous problems such as the use of highly 
toxic Sn, the need for a complicated treatment process 
and the like. Recently, therefore, various methods which 
use a silane coupling agent that has functional groups 
capable of forming a complex with precious metals such 
as Pd or the like that constitute catalysts for electroless 
plating have been proposed as methods for supporting 
such precious metals on the surface being treated (Jap- 
anese Patent Publication No. S59-52701, Japanese 
Patent Application Laid-Open No. S60-1 81294, Japa- 
nese Patent Application Laid-Open No. S61-194183, 
Japanese Patent Publication No. H3-44149). Among 
these methods, there are methods in which separate 
treatments are performed using a plating catalyst fixing 
agent and a plating catalyst, i. e., methods in which the 
precious metal ions that constitute the catalyst are sup- 
ported after a coupling agent has been adsorbed on the 
article to be plated. In such cases, however, depending 
on the material of the article being plated, it is sometimes 
difficult to form a uniform plating film with good adhe- 
sion, possibly due to modification of the surface of the 
article being plated by the coupling agent treatment, or 
due to the fact that the precious metal ions cannot be 
efficiently supported. Furthermore, depending on the 
material of the article being plated and the plating con- 
ditions, it has also been impossible in some cases to 
obtain a uniform plating film in the case of using a mixed 
solution of an aminosilane coupling agent and palladium 
chloride, either for the above-mentioned reasons or be- 
cause the palladium does not show a sufficient catalytic 
activity. 



DISCLOSURE OF THE INVENTION 

[0003] In view of the foregoing, it is an object of the 
present invention to provide a metal plating method us- 
5 ing a novel electroless plating that allows ideal electro- 
less plating to be performed even on materials which 
have difficulties in the application of conventional elec- 
troless plating. Another object of the present invention 
is to provide a metal plating pretreatment agent for use 
io in the above-mentioned electroless plating. In particular, 
the present invention makes it possible to accomplish 
uniform plating with good adhesion even using a plating 
solution with a weak reducing power such as a copper 
plating solution or the like. 
15 [0004] As a result of diligent research conducted in 
order to solve the above-mentioned technical problems, 
the present inventors discovered that electroless plating 
can be performed in an ideal manner and by means of 
a simple process even on materials to be plated in which 
it has been difficult to use conventional electroless plat- 
ing, by subjecting the article that is to be plated to a sur- 
face treatment with a pretreatment agent which has 
been prepared by capturing a metal with a silane cou- 
pling agent which has a metal-capturing functional 
group or groups in its molecule, and then adding a re- 
ducing agent. This discovery led to the perfection of the 
present invention. 

[0005] Specifically, the present invention provides: 

(1) A method for metal plating which is character- 
ized in that the method comprises treating an article 
to be plated with a pretreatment agent, which has 
been prepared by capturing a metal with a silane 
coupling agent having a metal-capturing functional 
group in its molecule, and then adding a reducing 
agent and then performing electroless plating. 

(2) The method for metal plating according to (1) 
above, which is characterized in that the metal-cap- 
turing functional group is an amine. 

(3) The method for metal plating according to (1) 
above, which is characterized in that the metal-cap- 
turing functional group is an imidazole. 

(4) The method for metal plating according to (1) 
above, which is characterized in that the metal is a 
palladium compound. 

(5) The method for metal plating which is character- 
ized in that the silane coupling agent having a met- 
al-capturing functional group in its molecule is a si- 
lane coupling agent obtained by the reaction of an 
azole compound and an epoxysilane type com- 
pound. 

(6) The method for metal plating according to (1) 
above, which is characterized in that the reducing 
agent is dimethylamine borane. 

(7) The method for metal plating according to (1) 
above, wherein the metal plating is copper or nickel. 

(8) A pretreatment agent for metal plating which is 
characterized in that this agent has been prepared 
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by capturing a metal with a silane coupling agent 
having a metal-capturing functional group in its mol- 
ecule, and then adding a reducing agent. 

[0006] The present invention is characterized In that 
a specified silane coupling agent, i. e., a silane coupling 
agent in which a metal constituting a catalyst with a high 
activity is captured by a metal-capturing functional 
group, is used, and a reducing agent is added to this 
coupling agent. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0007] In the metal plating pretreatment agent of the 
present invention, the activity of the catalyst can be in- 
creased by the addition of a reducing agent, so that re- 
duction can be accomplished using even a plating solu- 
tion with a weak reducing power. 
[0008] Nitrogen-containing heterocyclic compounds 
such as imidazoles orthe like, including primary amines, 
secondary amines and tertiary amines, can be used as 
the metal-capturing functional groups. 
[0009] In the present invention, precious metals are 
desirable as the metals that constitute high-activity cat- 
alysts; examples of precious metal compounds that can 
be used include chlorides, hydroxides, oxides, sulfates 
and ammine complexes (ammonia salts or the like) of 
palladium, silver, platinum, gold and the like, which show 
catalytic activity when copper, nickel or the like is de- 
posited on the surface of the article being plated from 
an electroless plating solution. Among these com- 
pounds, palladium chloride is especially desirable. The 
capture of the precious metal by the above-mentioned 
silane coupling agent is accomplished by mixing solu- 
tions of the respective compounds. The same solvent 
as that used for the pretreatment agent (described later) 
can be used as the solvent of the above-mentioned so- 
lutions. 

[001 0] The silane coupling agent with a metal-captur- 
ing functional group that is used in the present invention 
may be any silane coupling agent that has the above- 
mentioned metal-capturing functional group or groups; 
there are no particular restrictions on this coupling 
agent. Silane coupling agents which have nitrogen-con- 
taining heterocyclic azole compounds such as imida- 
zole orthe like are especially desirable. 
[0011] As a result of the presence of nitrogen-contain- 
ing hetero-rings in the molecule, an electron state and 
orientation that effectively manifest the activity of the 
plating catalyst can be obtained through the conjugate 
and aromatic properties of the nitrogen-containing het- 
ero-rings; furthermore, since the agent is a silane cou- 
pling agent, tight adhesion of the agent to an article be- 
ing plated can be realized. 

[0012] Examples of such nitrogen-containing hetero- 
cyclic azole compounds include imidazole, oxazole, thi- 
azole, selenazole, pyrazole, isooxazole, isothiazole, tri- 
azole, oxadiazole, thiadiazole, tetrazole, oxatriazole, 



thiatriazole, bendazole, indazole, benzimidazole, ben- 
zotriazole, indazole and the like. The present invention 
is not limited to these compounds; however, compounds 
that have imidazole rings are especially desirable. 

5 [0013] Furthermore, the silane coupling agent onto 
which the metal-capturing functional group(s) is(are) in- 
troduced is a compound which has an -81x^2X3 group; 
here, X-j, X 2 and X 3 indicate alkyl groups, halogen at- 
oms, alkoxy groups or the like, and may be any func- 

10 tional groups that can be fixed to the article that is being 
plated. X v X 2 and X 3 may be the same or different. The 
silane coupling agent with metal-capturing functional 
groups that is used in the present invention is obtained 
(for example) by reacting the above-mentioned nitro- 

15 gen-containing heterocyclic compound with an epoxysi- 
lane type compound. Such silane coupling agents are 
described, for example in Japanese Patent Application 
Laid-Open No. H6-256358, and have already been 
known. 

20 [0014] In the metal plating method of the present in- 
vention, there are no restrictions on the properties of the 
material to be plated. For example, the plating method 
of the present invention can be applied to inorganic ma- 
terials such as glass, ceramics orthe like, plastic mate- 
rs rials such as polyesters, polyamides. polyimides, fluor- 
oresins or the like, or films, sheets or fibers consisting 
of such materials, insulating materials such as insulating 
boards constituted by epoxy resins or the like, which 
may be reinforced by glass cloth substrates or the like 

30 jf necessary, or semiconductors such as Si wafers or 
other articles having a low conductivity. The present in- 
vention can be used in a favorable manner even if the 
article to be plated is a mirror-surface article such as a 
glass plate, Si wafer or other semiconductor substrate, 

35 or a powdered material. Examples of such powdered 
materials include glass beads, powdered molybdenum 
disulfide, powdered magnesium oxide, powdered 
graphite, powdered SiC, powdered zirconium oxide, 
powdered alumina, powdered silicon oxide, mica flakes, 

40 glass fibers, silicon nitride, powdered Teflon and the like. 
[0015] In cases where the material that is to be sub- 
jected to electroless plating is treated with the above- 
mentioned pretreatment agent which has been pre- 
pared by capturing a metal with a silane coupling agent 

45 having at least one metal -capturing functional group in 
its molecule and then adding a reducing agent, the pre- 
treatment agent can be used in the form of a solution 
prepared by dissolving this agent in an appropriate sol- 
vent, e. g., water, methyl alcohol, ethyl alcohol, 2-pro- 

50 panol, ethylene glycol, polyethylene glycol orthe like, or 
a solvent prepared by mixing such solvents. Especially 
in cases where an aqueous solution is used, the pH has 
a great effect on the plating characteristics. From the 
standpoint of the complex-forming capacity of nitrogen 

55 that fixes the plating catalyst, a high pH is preferable; 
however, since the stability of the solution drops in the 
case of a high pH, a pH in the range of 1 .5 to 7 is desir- 
able. 
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[0016] In regard to the method used to treat the article 
of plating with the pretreatment agent, methods such as 
immersion, coating with a brush, spin-coating and the 
like are commonly used. However, the present invention 
is not limited to such methods; any method which caus- 
es an amine compound with precious metal ions and 
alkoxysilyl groups to adhere to the surface of the article 
to be plated may be used. In this case, treatment at a 
temperature of 30 to 80°C is effective in improving the 
adhesion of the reagent. 

[0017] There are no restrictions on the concentration 
of the silane coupling agent in the treatment solution; 
however, a concentration of 0.001 to 1 0 wt % is easy to 
use. In cases where the concentration is less than 0.001 
wt %, the amount of compound adhering to the surface 
of the substrate tends to drop, so that plating cannot be 
uniformly performed. On the other hand, if the concen- 
tration exceeds 10 wt %, the amount of adhering com- 
pound becomes excessive, so that drying becomes dif- 
ficult, and so that aggregation tends to occur in cases 
where the article being plated is a powder. 
[0018] Sodium hypophosphite, sodium borohydride, 
dimethylamine borane and the like may be cited as ex- 
amples of the above-mentioned reducing agent. 
[0019] If the amount of reducing agent added is too 
small, the activation of the catalyst is insufficient; on the 
other hand, if the amount added is too large, the catalyst 
is converted into a metal and becomes a precipitate. It 
is desirable that the reducing agent be added at the rate 
of 0.01 to 1 000 mg/L, preferably 0.1 to 500 mg/L to the 
solution in which the silane coupling agent having a met- 
al-capturing functional group or groups in its molecule 
and the metal salt that acts as the plating catalyst are 
present. It goes without saying that the amount of re- 
ducing agent added depends on the type of reducing 
agent and the amount of the metal salt. 
[0020] The reducing agent is added at room temper- 
ature under agitation. The reducing agent may also be 
added under heating. 

[0021] In order to volatilize the solvent used following 
the surface treatment, it is sufficient to dry the surface 
by heating the solvent to a temperature exceeding the 
volatilization temperature of the solvent. However, it is 
desirable that heating be further performed for 3 to 60 
minutes at 60 to 120°C. 

[0022] In cases where water is used as the solvent, 
the drying process can be omitted, and plating can be 
performed merely by rinsing with waterf ollowing the sur- 
face treatment. In such a case, however, it is necessary 
to perform sufficient rinsing with water so that the cata- 
lyst is not carried into the plating solution. 
[0023] In regard to the temperature at which the pre- 
treatment is performed, room temperature is sufficient; 
however, depending on the article to be plated, there 
are also cases in which heating is effective. 
[0024] Naturally, the article to be plated may also be 
cleaned prior to the plating pretreatment. Especially in 
cases where good adhesion is required, a conventional 



etching treatment by means of chromic acid or the like 
may also be used. 

[0025] Furthermore, it would also be possible to per- 
form electroless plating first so that a metal thin film is 

5 formed, thus endowing the non-conductive substrate 
with a certain degree of conductivity, and then to perform 
electroplating or substitution plating with a base metal. 
[0026] After a metal thin film is performed by electro- 
less plating according to the present invention, a metal 

10 plating of copper, nickel, cobalt, tin, gold or the like can 
be applied. 

[0027] The present invention will be concretely de- 
scribed in terms of examples below. 

15 EXAMPLES 

[0028] The stability of the pretreatment solution was 
judged by adding palladium chloride and a reducing 
agent, and visually inspecting precipitates or products 

20 after the mixture was allowed to stand for one day at 
room temperature. The adhesion of the plating film was 
judged according to the coverage rate and the adhesion 
to the substrate following the pretreatment. All treat- 
ments with the plating pretreatment agent were per- 

25 formed under heating at 60°C. Furthermore, the pH was 
adjusted using an aqueous solution of hydrochloric acid. 
Moreover, the above-mentioned adhesion was judged 
by means of a tape stripping test. 



[0029] An aqueous solution of palladium chloride was 
added under agitation at room temperature to a 0.05 wt 
% aqueous solution of an equimolar reaction product of 
imidazole and y-glycidoxypropyltrimethoxysilane, thus 
preparing a solution with a palladium chloride concen- 
tration of 1 00 mg/L. The pH of this solution was adjusted 
to 2.4 using an aqueous solution of hydrochloric acid. 
An aqueous solution of dimethylamine borane was add- 
ed to this solution at a rate of 1 mg/L. In regard to sta- 
bility, the solution was allowed to stand for one day, and 
it was confirmed that the solution was stable. This solu- 
tion was heated to 60°C, and a polyester cloth was im- 
mersed in the solution for 5 minutes. Then, following 
thorough rinsing with water, electroless copper plating 
was formed at 60°C using a copper plating solution 
NKM-554 (manufactured by Nikko Metal Plating Co., 
Ltd.). The polyester fibers were copper-plated overall 
with good adhesion. 

Example 2 

[0030] Polyester fibers were immersed for 5 minutes 
at room temperature in the plating pretreatment agent 
55 prepared in Example 1 , and were then thoroughly rinsed 
with water. Next, electroless nickel plating was per- 
formed at 75°C using a nickel plating solution Nikom 7N 
(manufactured by Nikko Metal Plating Co., Ltd.) heated 
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to 70°C. The polyester fibers were nickel-plated overall 
with good adhesion. 

Example 3 

[0031] A nylon yarn was immersed for 5 minutes in 
the plating pretreatment agent prepared in Example 1 , 
and was then thoroughly rinsed with water. Next, elec- 
troless nickel plating was performed at 75°C using a 
nickel plating solution Nikom 7N (manufactured by Nik- 
ko Metal Plating Co., Ltd.) heated to 70°C. The nylon 
yarn was plated overall with good adhesion. 

Example 4 

[0032] An aqueous solution of palladium chloride was 
added under agitation at room temperature to a 0.02 wt 
% aqueous solution of an equimolar reaction product of 
imidazole and y-glycidoxypropyltrimethoxysilane, thus 
preparing a solution with a palladium chloride concen- 
tration of 40 mg/L. An aqueous solution of dimethyl- 
amine borane was added to this solution in an amount 
of 45 mg/L. This solution was heated to 60°C, and alu- 
mina which had been surface-treated with sodium hy- 
droxide was immersed in the solution for 1 0 minutes and 
rinsed with water. Afterward, electroless copper plating 
was performed at 72°C using a copper plating solution 
KC-500 (manufactured by Nikko Metal Plating Co., 
Ltd.). The alumina was plated overall with good adhe- 
sion. 

Comparative Example 1 

[0033] An aqueous solution of palladium chloride was 
added under agitation at room temperature to a 0.05 wt 
% aqueous solution of an equimolar reaction product of 
imidazole and 7-glycidoxypropyltrimethoxysilane, thus 
preparing a solution with a palladium chloride 'concen- 
tration of 100 mg/L. The pH of this solution was adjusted 
to 2.4 using an aqueous solution of hydrochloric acid. 
This solution was heated to 60°C, and a polyester cloth 
was immersed for 5 minutes in the solution and thor- 
oughly rinsed with water. Afterward, electroless plating 
was performed at 60°C using a copper plating solution 
NKM-554 (manufactured by Nikko Metal Plating Co., 
Ltd.). The polyester cloth was not plated. 

INDUSTRIAL APPLICABILITY 

[0034] As was described above, the plating method 
of the present invention makes it possible to perform 
plating, by means of an easy process, even on sub- 
strates such as plastic materials that do not have con- 
ductivity, or films and fibers of such materials, semicon- 
ductors with low conductivity such as Si wafers or the 
like, mirror-surface articles and powders or the like, that 
have conventionally been difficult to plate. In particular, 
the present invention makes it possible to perform uni- 



8 

form plating with good adhesion even in cases where 
plating solutions with a weak reducing power, such as 
copper plating solutions or the like, are used. 

5 

Claims 

1. A method for metal plating which is characterized 
in that the method comprises treating an article to 

10 be plated with a pretreatment agent, which has 
been prepared by capturing a metal with a silane 
coupling agent having a metal -capturing functional 
group in its molecule and then adding a reducing 
agent, and then performing electroless plating. 

15 

2. The method for metal plating according to claim 1 , 
which is characterized in that the metal-capturing 
functional group is an amine. 



20 3. The method for metal plating according to claim 1 , 
which is characterized in that the metal-capturing 
functional group is an imidazole. 

4. The method for metal plating according to claim 1 , 
25 which is characterized in that the metal is a palla- 
dium compound. 

5. The method for metal plating which is character- 
ized in that the silane coupling agent having at 

30 least metal-capturing functional group in its mole- 
cule is a silane coupling agent obtained by the re- 
action of an azole compound and an epoxysilane 
type compound. 

35 6. The method for metal plating according to claim 1 , 
which is characterized in that the reducing agent 
is dimethylamine borane. 

7. The method for metal plating according to claim 1 , 
40 wherein the metal plating is copper or nickel. 

8. A pretreatment agent for metal plating which is 
characterized in that the agent has been prepared 
by capturing a metal with a silane coupling agent 

45 having a metal-capturing functional group in its mol- 
ecule, and then adding a reducing agent. 
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